
NRG Oncology RTOG 9006: a phase III randomized trial of 
hyperfractionated radiotherapy (RT) and BCNU vs standard RT 
and BCNU for malignant glioma patients

Arif N. Ali, MD1, Peixin Zhang, PhD2, W.K. Alfred Yung, MD3, Yuhchyau Chen, MD, PhD4, 
Benjamin Movsas, MD5, Raul C. Urtasun, MD6, Christopher U. Jones, MD7, Kwang N. Choi, 
MD8, Jeff M. Michalski, MD9, A. Jennifer Fischbach, MD10, Arnold M. Markoe, MD11, 
Christopher J. Schultz, MD12, Marta Penas-Prado, MD3, Madhur K. Garg, MD13, Alan C. 
Hartford, MD14, Harold E. Kim, MD15, Minhee Won, MA2, and Walter J. Curran Jr, MD1

1Emory University/Winship Cancer Institute, Atlanta, GA

2NRG Oncology Statistics and Data Management Center, Philadelphia, PA

3The University of Texas MD Anderson Cancer Center, Houston, TX

4University of Rochester Medical Center, Rochester, NY

5Henry Ford Hospital accruals Fox Chase Cancer Center, Detroit, MI

6Cross Cancer Institute, Edmonton, AB, Canada

7Sutter General Hospital accruals Radiological Associates of Sacramento, Sacramento, CA

8State University of New York Downstate Medical Center, Brooklyn, NY

9Washington University School of Medicine, St. Louis, MO

10Intermountain Medical Center accruals LDS Hospital, Murray, UT

11University of Miami, Sylvester Comprehensive Cancer Center, Miami, FL

12Froedtert and the Medical College of Wisconsin, Milwaukee, WI

13Montefiore Medical Center - Moses Campus, Bronx, NY

14Dartmouth Hitchcock Medical Center, Lebanon, NH

15Wayne State University, Detroit, MI

Abstract

Corresponding Author: Arif N. Ali, MD, 1365 Clifton Rd NE, Atlanta, GA 30322, Phone: 404-778-3658, aali24@emory.edu. 

Conflicts of interest
Dr. Movsas reports research grants from Varian, Inc. and Philips, Inc. Drs. Chen and Penas-Prado report grants from NCI. Dr. Jones 
reports receiving speaker fees from Lilly. Dr. Yung reports research grant to his institution from RTOG and fees for serving on 
scientific advisory board of DNAtrix.

Ethical approval
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional 
and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

HHS Public Access
Author manuscript
J Neurooncol. Author manuscript; available in PMC 2019 March 01.

Published in final edited form as:
J Neurooncol. 2018 March ; 137(1): 39–47. doi:10.1007/s11060-017-2558-x.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Purpose—From 1990 to 1994, patients with newly diagnosed malignant gliomas were enrolled 

and randomized between hyperfractionated radiation (HFX) of 72.0 Gy in 60 fractions given twice 

daily and 60.0 Gy in 30 fractions given once daily. All patients received 80 mg/m2 of 1,3 bis (2 

chloroethyl)-1 nitrosourea on days 1–3 q8 weeks for 1 year.

Methods—Patients were stratified by age, KPS, and histology. The primary endpoint was overall 

survival (OS), with secondary endpoints including progression-free survival (PFS) and toxicity.

Results—Out of the 712 patients accrued, 694 (97.5%) were analyzable cases (350 HFX, 344 

standard arm). There was no significant difference between the arms on overall acute or late 

treatment-related toxicity. No statistically significant effect for HFX, as compared to standard 

therapy, was found on either OS, with a median survival time (MST) of 11.3 mo vs. 13.1 mo 

(p=0.20) or PFS, with a median PFS time of 5.7 mo vs. 6.9 mo (p=0.18). The treatment effect on 

OS remained insignificant based on the multivariate analysis (hazard ratio=1.16; p=0.0682). When 

OS was analyzed by histology subgroup there was also no significant difference between the two 

arms for patients with glioblastoma multiforme (MST: 10.3 mo vs. 11.2 mo; p=0.34), anaplastic 

astrocytoma (MST: 69.8 mo vs 50.0 mo; p=0.91) or anaplastic oligodendroglioma (MST: 92.1 mo 

vs. 66.5 mo; p=0.33).

Conclusion—Though this trial provided many invaluable secondary analyses, there was no trend 

or indication of a benefit to HFX radiation to 72.0 Gy in any subset of malignant glioma patients.
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INTRODUCTION

The diagnosis of malignant glioblastoma multiforme (GBM) or anaplastic astrocytoma (AA) 

remains just as devastating today as it has been in the past. In the continual and relentless 

fight against these tumors, there have been numerous treatment strategies that have been 

explored. Some of these strategies have provided direct, incremental success and 

improvement in outcome, while many others, though necessary to be thoroughly investigated 

and published, have not demonstrated primary endpoint benefit, but have provided valuable 

information via secondary analyses. The NRG Oncology Radiation Therapy Oncology 

Group (RTOG) trial 9006 is an example of the latter. NRG RTOG 9006, at the time of its 

conception, was the logical next step in a long series of trials exploring the use of radiation 

combined with chemotherapy in the treatment of malignant gliomas.

The use of radiation to treat patients with malignant gliomas after biopsy or surgical 

resection was initially supported by the Brain Tumor Study Group (BTSG) trials 69-01 and 

72-01, which demonstrated improved survival for patients with malignant gliomas receiving 

whole brain radiation to 60 Gy in standard daily fractionations (1.8 Gy to 2.0 Gy), with or 

without chemotherapy, as compared to either chemotherapy alone or observation [1,2]. 

Additional evaluation on these trials as well as other data suggested that an overall survival 

(OS) dose response existed to at least 60 Gy [3].
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The use of hyperfractionation (multiple daily radiation fractions in smaller than standard 

doses) theoretically offers the benefit of a larger total radiation dose without excessive late 

toxicity and has been investigated in many clinical trials involving a wide range of tumor 

types [4,5]. Late toxicity for central nervous system (CNS) tumors, in particular, is 

especially important due to the low estimated alpha/beta ratio of normal CNS tissue and thus 

sensitivity to fraction size [6–9].

The use of concurrent temozolomide chemotherapy with radiation is now the standard of 

care for GBM primarily due to the successful results of the European Organization for 

Research and Treatment of Cancer (EORTC) and National Cancer Institute of Canada 

(NCIC) intergroup trial published by Stupp et al. in 2005 [10]. This trial was built upon a 

foundation laid by multiple previous clinical trials demonstrating benefit of the addition of 

chemotherapy to radiation for gliomas. One of those trials, BTSG 69-01, demonstrated 

improved survival for patients receiving 1,3 bis (2 chloroethyl)-1 nitrosourea (ie. BCNU) 

compared to standard radiation alone [1].

NRG Oncology RTOG 8302 built upon the successful results of concurrent BCNU in BTSG 

69-01 and combined them with the theoretical benefits of hyperfractionation in a phase I/II 

trial that randomized patients with supratentorial malignant gliomas to receive BCNU 

concurrent with either hyperfractionated (HFX) radiation (1.2 Gy twice daily to 64.8 Gy, 72 

Gy, 76.8 Gy, or 81.6 Gy) or accelerated HFX radiation therapy (1.6 Gy twice daily to 48 Gy 

or 54.4 Gy) after biopsy or resection [11,12]. The patients with the best survival outcome 

were those treated with 72 Gy in 1.2 Gy fractions twice daily on the initial analysis and 

publication (median OS of 14 months for 72 Gy arm vs. 12.8 months for all other patients) 

[11]. The worse outcome of the patients treated with 81.6 Gy was attributed to excessive 

neurotoxicity [11]. Having established 72 Gy as the optimal HFX dose with concurrent 

BCNU, conducting a phase III trial to test the outcome of glioma patients treated with HFX 

radiation with BCNU vs. standard fraction radiation with BCNU was the logical next step.

METHODS

Patient characteristics

All patients were required to have supratentorial, histopathologically confirmed GBM, 

anaplastic oligodendroglioma or astrocytoma with foci of anaplasia (AAF). Patients must 

have had age ≥18, Karnofsky Performance Status (KPS) ≥60, and no prior radiation to the 

head or neck area, chemotherapy or any other radiosensitizer at registration. Normal 

hematologic, renal, pulmonary, and hepatic parameters were required. Additionally, patients 

could not have any prior malignancy within the past five years except for non-melanomatous 

skin cancer or carcinoma in-situ of the cervix. Eligible patients must have had an estimated 

survival of at least 8 weeks and a pre-surgical CT or MRI. Patients with multifocal disease, 

recurrent gliomas or acquired immune deficiency syndrome (AIDS) were excluded. 

Treatment was required to start within 4 weeks after surgery. Protocol approval was received 

from the Institutional Review Board at each study site and informed consent was obtained 

from each patient prior to participation.
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Patients were stratified by age (<40 vs. ≥40 to <60 vs. ≥60), KPS (≥80 vs. <80), and 

histology (astrocytoma with foci of anaplasia vs. glioblastoma) and then randomized with a 

1:1 ratio to either arm 1 (standard fraction radiation with BCNU) or arm 2 (HFX radiation 

with BCNU).

Radiation Therapy

The standard fractionated arm involved treating the contrast enhancing lesion and 

surrounding edema on a pre-operative CT or MRI scan with a 2 cm margin to 46 Gy in 23 

daily fractions. The fields were then reduced to treat only the contrast enhancing lesion on 

the pre-operative CT or MRI with a 2.5 cm margin to an additional 14 Gy in 7 daily 

fractions for a total of 60 Gy in 30 daily fractions. The HFX radiation arm involved treating 

the contrast enhancing lesion and surrounding edema on the pre-operative CT or MRI with a 

2 cm margin to 57.6 Gy in 48 twice-daily fractions (1.2 Gy per fraction separated by 4 to 8 

hours). The fields were then reduced to treat only the contrast enhancing lesion on the pre-

operative CT or MRI with a 2.5 cm margin to an additional 14.4 Gy in 12 twice-daily 

fractions (1.2 Gy per fraction separated by 4 to 8 hours).

The radiation delivery machines were either cobalt-60 based or linear accelerators with 

photon energies ranging from 1.25 MV to 10 MV with a source to axis distance of at least 

80 cm. Treatment plans were required to use CT guidance and allowed opposed lateral 

fields, a wedge pair of fields, rotation, or multiple field techniques. Normal tissue dose 

constraints were 60 Gy for the chiasm, 50 Gy for the retina of at least one eye, and 60 Gy for 

the brainstem. The treatment prescription, calculation form, simulation films, and 

representative portal films were required to be sent to NRG Oncology RTOG headquarters 

prior to treatment start.

Chemotherapy

All patients on both arms received the same chemotherapy regimen, which included BCNU 

delivered intravenously to a dose of 80 mg/m2 on days 1, 2, and 3 of the first week of 

radiation and then every 8 weeks for a total of 6 cycles or 1 full year of therapy. Dose 

modifications were provided for those patients in excess of 125% of their ideal body weight 

or hematologic toxicity according to a pre-defined schema.

Pathology

Pathology for all patients was required to be centrally reviewed according to the RTOG 

criteria with tissue specimen submitted to NRG Oncology RTOG headquarters within 4 

weeks prior to treatment initiation. A diagnosis of GBM required marked hypercellularity, 

foci of coagulation necrosis and vascular proliferation. The histologic variants of mixed 

glioblastoma and gliosarcoma were allowed. The diagnosis of AAF required that no foci of 

coagulation necrosis be present, but there must have been one or more of the following: 

increased cellularity, pleomorphic nuclei or cell bodies, mitotic figures, increase in blood 

vessels with mild endothelial proliferation, spongioblastic or incompletely differentiated 

glial cell [13]. Well-differentiated astrocytoma histologies were excluded from this study.
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Follow-up

Patients received full neurologic examinations, CBC, serum chemistries, chest x-ray, and 

brain CT or MRI pre-operatively or post-operatively. During radiation, patients received 

weekly neurologic examinations, skin examinations within portal fields, a weekly CBC, and 

bi-weekly serum chemistries. Following the completion of radiation, patients received serum 

chemistries at least every 3 months for the first year. A brain CT or MRI was performed 4 

months after the start of radiation and with each follow-up visit and at the time of neurologic 

deterioration. Follow-up visits were performed every month for first 3 months after 

treatment completion, then every 3 months for 9 months, then every 4 months for a year, 

then every 6 months for 3 years, and then annually. Treatment related normal tissue effects 

were evaluated and graded using RTOG toxicity criteria [12]. Acute and late toxicities were 

identified based on assessments made during the first 90 days after treatment start and after 

90 days of treatment start, respectively.

Statistics

The primary endpoint of this study was overall survival (OS). Secondary endpoints included 

progression-free survival (PFS) and severe (grade 4+) toxicity. OS and PFS were determined 

from the date of randomization. For OS, death due to any cause was considered as failure. 

For PFS, disease progression or death due to any cause, whichever came first, was 

considered as failure. The study was initially designed to have an 80% power to detect a 

difference in the median survival time (MST) of 5 months (16 vs. 21 months) in favor of the 

HFX arm, at a significance level of 0.05 (two-sided). The initial accrual goal was an overall 

of 564 patients (assuming a 5% rate of ineligibility) for these parameters, but was eventually 

increased to 708 patients. Based on the accrual at the early stage of this trial, the study 

design was adjusted to detect a difference in the MST of 4.3 months (16.0 vs. 20.3 months) 

with the same power and significance level, as recommended by the Data Monitoring 

Committee. Severe toxicity was compared between the two treatment arms using Pearson’s 

Chi-square test. OS and PFS were estimated using the Kaplan-Meier method [14]. 

Differences in survival distributions were tested using the Wilcoxon test [15]. Multivariate 

analysis was conducted using Cox proportional hazard model [16] with treatment 

assignment, KPS, age, histology and extent of surgery as covariates.

RESULTS

Patient Characteristics

This study was open from November 1990 to March 1994 with a total accrual of 712 

patients. Fifteen cases were determined to be ineligible and another 3 had insufficient data, 

leaving a total of 694 analyzable cases (344 on the standard arm and 350 on the HFX arm). 

Reasons for ineligibility included ineligible histology (5 cases), excessive delay in starting 

radiation (3 cases), multifocal disease (2 cases), lab values out of range (3 cases) and other 

(2 cases).

Overall, 91% of the patients in each arm had received radiotherapy per protocol or with 

acceptable variations. There were 8% and 9% of the cases in the standard and HFX arm, 

respectively, who had minor radiation protocol deviations. Only 1% in each arm had major 

Ali et al. Page 5

J Neurooncol. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



radiation protocol deviations. For both arms combined, 22 patients died prior to completing 

radiation, 7 progressed while on radiation, and another 15 refused radiation. For 

chemotherapy administration, 91% of the patients in both arms received chemotherapy per 

protocol or with acceptable variations. Acceptable variations occurred in 29% and 22% of 

the patients in the standard and HFX arm, respectively. Unacceptable chemotherapy 

deviations occurred in only 1% of the patients in each arm.

The distributions of patient pre-treatment characteristics for both the standard and HFX arm 

are listed in Table 1. As seen, the two arms were well balanced for all of the evaluated 

variables. The median ages for the standard and HFX arm were 52 and 53 years, 

respectively. Approximately 78 and 77% of the patients in respective arms had a KPS of 80 

or higher. After central review, 70 and 72% of the patients in respective arms were 

confirmed to have GBM while 14 and 10% were found to have AAF. Though the glioma 

recursive partitioning analysis (RPA) was published after the initiation of this trial, the 

patient classifications are included in Table 1. The RPA classifications of this study have 

been previously discussed [17].

Toxicity

As might be expected, the hematologic acute toxicities were similar between the standard 

and HFX arm for grade 3 (28% vs. 30%), grade 4 (21% vs. 19%) and grade 5 (0% vs. <1%) 

levels. Likewise, the non-hematologic toxicity was also similar between the two arms (9% 

vs. 11% for grade 3; 3% vs. 1% for grade 4; <1% vs. 1% for grade 5). Specifically, there 

were 10 (3%) patients in the standard arm and 12 (3%) in the HFX arm with grade 3 or 

worse neurologic acute toxicity. The most common grade 5 acute toxicity was infection (5 

patients). The only other patient death due to acute toxicity was hepatic in nature. Since only 

a few patients had grade 5 toxicities, patients with severe toxicities from each arm were 

categorized by having experienced the worst toxicity of grade 3 or grade 4+. There was no 

statistically significant difference in chemotherapy and acute radiotherapy toxicity between 

the two arms for worst hematologic toxicity grade (p=0.49), worst non-hematologic toxicity 

grade (p=0.45), or worst overall toxicity grade (p=0.40).

The most common late grade 3 or worse toxicities in the standard and HFX arm were 

hematologic (26% and 21%, respectively). Neurologic grade 3 or worse late toxicity was 

similar between the standard and HFX arm (2% and 3%, respectively). Overall, there were 8 

patients who died due to late toxicity, most of which were due to pulmonary toxicity (6 out 

of 8). The other 2 patients died of bleeding and an “idiosyncratic” reaction to BCNU. 

Similarly, severe toxicities were compared between the two arms with respect to having 

experienced the worst toxicity of grade 3 or grade 4+. There was no statistically significant 

difference in late toxicity between the two experimental arms for worst hematologic late 

toxicity grade (p=0.94), worst non-hematologic late toxicity grade (p=0.37), or worst overall 

late toxicity grade (p=0.37).

Survival

Out of the 694 analyzable patients, 615 have died by the time of the analysis. The treatment 

effect was not shown to be statistically significant from the univariate analyses on either OS 
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or PFS. The MST was 13.1 months for the standard arm and 11.3 months for the HFX arm, 

with a p=0.20. The median PFS time was 6.9 months vs. 5.7 months, with a p=0.18. Figures 

1 and 2 display the Kaplan-Meier curves by treatment arm for OS and PFS, respectively. 

When OS was analyzed by histology, the MST was 10.8 months for GBM patients, 65.8 

months for AAF patients, and 77.9 months for anaplastic oligodendroglioma patients, with 

the corresponding 2-year OS rates of 15%, 64%, and 79%.

When OS was compared between the treatment arms within each histologic subtype (Table 

2), there was no significant difference observed for patients with GBM (p=0.34), AAF 

(p=0.91) or anaplastic oligodendroglioma (p=0.33). When analyzed by age subgroup of 18 

to <40 years, ≥40 to <60 years, and ≥60 years, there was again no significant difference 

observed on OS between the two arms (p=0.21, 0.23, and 0.41, respectively). For the 

analysis on patients with GBM/Glioma NOS, there was no significant difference in OS 

between the standard and HFX arm for patients with ages 18 to <40 years (MST: 18.9 mo 

vs. 14.6 mo; p=0.15), ≥40 to <60 years (MST: 12.3 mo vs. 11.5 mo; p=0.33), or ≥60 years 

(MST: 6.2 mo vs. 8.5 mo; p=0.34).

From the multivariate analysis (Table 3), the only covariates which were shown to have 

significant effects on OS were KPS (p<0.0001), age (p<0.0001), histology (p<0.0001 for 

AAF vs. GBM/Glioma NOS), and extent of resection (p=0.0017 for biopsy vs. partial 

resection; p<0.0001 for biopsy vs. total resection). The effect of the assigned treatment 

(standard fractionation vs. HFX) was not statistically significant with a trend towards 

improved survival for patients in the standard arm (hazard ratio=1.16; p=0.0682).

DISCUSSION

NRG Oncology RTOG 9006 was a phase III comparison of BCNU chemotherapy with 

either standard fraction radiation to 60 Gy in 30 once-daily fractions or HFX radiation to 72 

Gy in 60 twice-daily fractions for the treatment of primary brain gliomas. This trial was the 

next logical step in a series of successful NRG Oncology RTOG trials demonstrating benefit 

of radiation therapy for gliomas [1–3]. A previous phase I/II trial, NRG Oncology RTOG 

8302, evaluated several HFX and accelerated HFX radiation dose schemes in combination 

with BCNU and found that the best MST with the least toxicity was 72 Gy in 60 fractions, 

delivered twice daily, particularly for patients with AAF histology [12]. Accordingly, this 

fractionation scheme was then advanced as the experimental arm in this phase III trial.

Unfortunately, this study did not demonstrate any OS or PFS advantage of the HFX arm as 

compared with standard fractionation. Additional analyses on OS by histology and age 

subgroup did not demonstrate any benefit to the HFX treatment either. A multivariate 

analysis, adjusting for key predictors of OS including KPS, age, histology and extent of 

resection, did not show a significant treatment effect.

Though NRG Oncology RTOG 9006 was a negative study for the planned primary endpoint, 

there was significant benefit obtained from this trial through numerous secondary and 

combined database analyses [18–27]. Perhaps the most significant utility of this trial was its 

role as the motivation for the development of the RTOG RPA, which is still regarded as one 
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of the key factors in the OS predictive model for gliomas today [17]. The negative survival 

results of the HFX treatment arm and the stark differences observed in OS between patients 

based on KPS, age, and histology indicated that these pre-treatment prognostic factors were 

likely more influential than minor modifications in therapy [17, 19]. The RPA model, that 

was developed based on previous NRG Oncology RTOG glioma trials, was successfully 

validated using the data from this study [17, 19]. Although there have been many 

incremental advances since NRG Oncology RTOG 9006 and the current standard of care for 

gliomas is different than during the time of this study, the influence of this trial, and its 

valuable secondary analyses, is still tightly woven into the fabric of modern glioma 

treatment and understanding.

The current standard of care treatment for GBM is driven, in part, by the results of the 

EORTC/NCIC intergroup trial which demonstrated an overall survival benefit with the 

addition of concurrent and adjuvant temozolomide to 60 Gy of standard fractionated 

radiation [10]. NRG Oncology RTOG 9006 and other negative clinical trials which evaluated 

radiation dose escalation and altered fractionation included chemotherapies other than 

temozolomide. Thus, the question of radiation dose escalation benefit for GBM patients in 

the era of concurrent and adjuvant temozolomide still remains and is the topic of active 

clinical trials.
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Figure 1. 
Overall survival by assigned treatment (all analyzable patients)
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Figure 2. 
Progression-free survival by assigned treatment (all analyzable patients)

Ali et al. Page 12

J Neurooncol. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ali et al. Page 13

Table 1

Pre-treatment patient characteristics

Assigned Treatment

Standard
(n=344)

HFX
(n=350)

Age

 Median 52 53

 Range 18 – 83 18 – 82

n % n %

Age

 <40 76 22 75 21

 ≥40–<60 154 45 154 44

 ≥60 114 33 121 35

Sex

 Male 209 61 227 65

 Female 135 39 123 35

Race

 White 311 90 308 88

 Hispanic 16 5 17 5

 Black 8 2 13 4

 Asian 4 1 5 1

 Native American (Indian, Eskimo, etc) 1 0 1 0

 Other 4 1 6 2

Marital Status

 Married or other live-in relationship 218 63 224 64

 Single, divorced, separated, or widowed 62 18 73 21

 Unknown 64 19 53 15

Number of Persons Living with Patient

 Lives alone 23 7 33 9

 One other person 128 37 118 34

 Two to four other people 105 31 122 35

 Five or more other people 24 7 21 6

 Unknown 64 19 56 16

Education

 Grade 1–8 only 11 3 19 5

 Some high school, did not graduate 31 9 27 8

 High school graduate/GED 105 31 89 25

 Attended college/technical school 120 35 141 40

 Unknown 77 22 74 21

Employment Status Prior to Illness

 Outside home/full time 142 41 163 47

 Outside home/part time 15 4 25 7

 Homemaker/employed at home 32 9 28 8
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Assigned Treatment

Standard
(n=344)

HFX
(n=350)

 Retired 59 17 49 14

 Disabled 6 2 1 0

 In school 2 1 5 1

 Not working 15 4 16 5

 Unknown 73 21 63 18

Neurologic function

 No symptoms 53 15 52 15

 Minor symptoms 178 52 172 49

 Moderate symptoms (fully active at home) 55 16 73 21

 Moderate symptoms (less than fully active at home) 54 16 40 11

 Severe symptoms 4 1 13 4

Prior surgery

 Biopsy only 83 24 85 24

 Partial resection 189 55 189 54

 Total resection 72 21 75 21

 Shunt plus partial resection 0 0 1 0

Karnofsky performance status

 60–70 75 22 79 23

 80–100 269 78 271 77

Lateralization of tumor

 Right 187 54 172 49

 Left 133 39 148 42

 Bilateral 24 7 30 9

Histology (central review)

 GBM 240 70 253 72

 Glioma NOS 16 5 16 5

 AAF 48 14 35 10

 Oligodendroglioma 16 5 12 3

 AA/Oligo mixed 8 2 17 5

 Other 8 2 7 2

 Unknown 8 2 10 3

RPA

 I 34 10 34 10

 II 15 4 8 2

 III 55 16 48 14

 IV 111 32 139 40

 V 83 24 81 23

 VI 14 4 10 3

 Cannot classify 32 9 30 9

J Neurooncol. Author manuscript; available in PMC 2019 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ali et al. Page 15

Ta
b

le
 2

O
ve

ra
ll 

Su
rv

iv
al

 b
y 

A
ss

ig
ne

d 
T

re
at

m
en

t w
ith

in
 C

en
tr

al
 R

ev
ie

w
 o

f 
H

is
to

lo
gy

M
on

th
s 

fr
om

 R
an

do
m

iz
at

io
n

G
B

M
/G

lio
m

a 
N

O
S 

pa
ti

en
ts

A
A

F
 p

at
ie

nt
s

A
na

pl
as

ti
c 

O
lig

od
en

dr
og

lio
m

a 
pa

ti
en

ts

A
ss

ig
ne

d 
T

re
at

m
en

t
A

ss
ig

ne
d 

T
re

at
m

en
t

A
ss

ig
ne

d 
T

re
at

m
en

t

St
an

da
rd

H
F

X
St

an
da

rd
H

F
X

St
an

da
rd

H
F

X

%
 A

liv
e

# 
at

 R
is

k
%

 A
liv

e
# 

at
 R

is
k

%
 A

liv
e

# 
at

 R
is

k
%

 A
liv

e
# 

at
 R

is
k

%
 A

liv
e

# 
at

 R
is

k
%

 A
liv

e
# 

at
 R

is
k

 
  0

10
0

25
6

10
0

26
9

10
0

48
10

0
35

10
0

16
10

0
12

 
12

47
12

0
38

10
3

83
40

80
28

88
14

92
11

 
24

16
39

14
37

63
30

66
23

75
12

83
10

 
36

10
24

7
20

54
26

66
23

75
12

75
9

 
48

8
18

5
13

52
25

54
19

63
10

75
9

 
60

8
18

4
10

48
23

54
19

63
10

67
8

D
ea

d/
To

ta
l

24
3/

25
6

26
6/

26
9

27
/4

8
20

/3
5

11
/1

6
6/

12

M
ed

ia
n

11
.2

10
.3

50
.0

69
.8

66
.5

92
.1

p-
va

lu
e

0.
34

0.
91

0.
33

J Neurooncol. Author manuscript; available in PMC 2019 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ali et al. Page 16

Table 3

Cox Model for Survival

Covariate (bolded group has the favorable response) Parameter Estimate Standard Error P-value Hazard Ratio (95% 
Hazard Ratio Confidence 

Limits)

RX 0.14857 0.08147 0.0682 1.16 (0.99, 1.36)

Standard vs. HFX

KPS 0.42925 0.08293 <0.0001 1.54 (1.31, 1.81)

90–100 vs. 60–80

Age 0.62833 0.12491 <0.0001 1.87 (1.47, 2.39)

18-<40 vs. ≥40-<60

Age 1.19512 0.13316 <0.0001 3.30 (2.55, 4.29)

18-<40 vs. ≥60

Histology 1.17017 0.16331 <0.0001 3.22 (2.34, 4.44)

AAF vs. GBM/Glioma NOS

Histology 0.29584 0.19655 0.1323 1.34 (0.91, 1.98)

AAF vs. non GBM/Glioma NOS and non AAF

Surgery 0.31302 0.09985 0.0017 1.37 (1.12, 1.66)

partial resection vs. biopsy

Surgery 0.57497 0.12368 <0.0001 1.78 (1.40, 2.27)

total resection vs. biopsy
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